Purpose Sedentary behavior may be a unique risk factor for some cancers, including breast cancer. The objective of this study was to determine the association between lifetime occupational sitting and likelihood of breast cancer. Methods A case-control study of 2,452 women was conducted in Alberta, Canada, between 1995 and 1997. A comprehensive measure of lifetime physical activity assessed frequency and duration of sedentary jobs. Logistic regression estimated the odds of being diagnosed with breast cancer across quartiles of lifetime occupational sitting, by menopausal status and family history of breast cancer, and within body mass index categories and physical activity quartiles.
Introduction
Sedentary behavior (commonly conceptualized as sitting time) has deleterious health consequences that are distinct from the beneficial effects of moderate-to vigorousintensity physical activity [1, 2] . Sedentary behavior has been independently associated with chronic disease-related risk factors such as central adiposity [3] [4] [5] , insulin resistance [6] [7] [8] , and inflammation [7] in healthy adults. These factors are also hypothesized to be operative in the development and progression of breast cancer [9] . To date, however, few studies have examined the association between self-reported sedentary behavior and breast cancer risk.
Neither television viewing (a ubiquitous leisure-time sedentary behavior) nor overall sitting time was associated with post-menopausal breast cancer in the National Institutes of Health-American Association of Retired Persons Diet and Health study [10] . Similarly, no statistically significant association between television viewing and breast cancer was found in a case-control study of 3,739 Indian women [11] . These studies, however, were limited by the use of crude, single-item questions to estimate sedentary behavior. A case-control study conducted in Poland found that accelerometer-assessed sedentary time was positively associated with breast cancer (top versus bottom quartiles OR = 1.81, 95 % CI 1.26-2.60; p-trend = 0.001) [12] . However, this study was methodologically limited by the collection of case accelerometer data after diagnosis. It is plausible that a cancer diagnosis would increase sedentary time; hence, the association demonstrated by this study is uncertain.
In addition, three studies have compared participant self-reported occupational activity (generally categories comparing ''sitting,'' ''standing,'' ''some walking and light lifting,'' and ''heavy manual labor'') and breast cancer risk. A case-control study (246 cases treated at a Swiss hospital and 374 controls admitted to the same hospital for acute conditions) found that occupational sitting increased the odds of breast cancer. For ''mainly sitting'' versus ''mainly standing'' work performed between the ages of 15 and 19, there was a 67 % increased likelihood of breast cancer (95 % CI 1.10, 2.50). Even higher odds were reported for occupations held between the ages of 30 and 39 years (OR = 2.22, 95 % CI 1.14, 4.76) and for ages 50-59 years (OR = 1.85, 95 % CI 0.98, 3.45) [13] . However, no association between type of occupational activity categories and breast cancer risk was found in the European Prospective Investigation into Cancer and Nutrition [14] , nor in a large, prospective study of cardiovascular disease risk factors conducted in Norway [15] .
Occupational sitting is the principal contributor to total accumulated daily sitting time in working adults [16] . A recent Australian study used accelerometers to assess the activity levels of office, call center, and customer service workers and found that 77 % of work hours were spent sedentary [17] . Self-reported estimates of occupational sitting from the same study were, on average, approximately half an hour higher per day: The correlation between the accelerometer and self-report derived estimates of sitting time was reasonable (Pearson's r = 0.39, 95 % CI 0.22, 0.53) [18] . Studies that have utilized selfreport measures of sedentary behavior report that workers spend between three and 5 h sitting at work each day [19] [20] [21] . Hence, occupational sitting may represent an important behavioral risk factor for chronic diseases associated with prolonged sedentary behavior. This study uses data from a case-control study of physical activity and breast cancer risk [22] to examine the association of self-reported lifetime occupational sitting time (h/week/year) with odds of breast cancer, independent of total lifetime physical activity.
Methods
This case-control study was conducted in Alberta, Canada, between 1995 and 1997. Ethics approval was received from the Alberta Cancer Board and the University of Calgary's institutional review boards. The recruitment protocol for this study has been previously reported [22] . In brief, 1,764 cases were identified through the Alberta Cancer Registry; 1,239 (78.3 %) completed the study interview. Controls identified through random digit dialing were matched on age and place of residence; a total of 1,241 women completed the control interview (56.5 % overall response rate). The final dataset included 1,222 cases and 1,230 controls (10 participants were missing interview data; participants reported no paid or volunteer job in their lifetime).
Data collection
In-person interviews collected information on sociodemographic factors, reproductive health, hormone use, breast health, and lifestyle factors, while anthropometric measures were taken directly. A comprehensive measure of lifetime physical activity was used to assess occupational, household, and recreational activity [23] . Recall and memory-probing aids were used, including a recall calendar and lists of examples of activities. Participants reported the different types of physical activity they performed in each setting, and rated the intensity of each activity (light, moderate, heavy). The frequency and duration of these activities were assessed by recording the number of years, months per year, weeks per month, days per week, and hours per day that each activity was performed. Within the occupation component of the questionnaire, participants were asked ''What jobs (paid or volunteer) you have done for at least 8 h per week for 4 months of the year over your lifetime?'' Here, participants also reported the frequency and duration of time spent in jobs classed as sedentary (described as jobs spent mostly sitting), as well as jobs classed as light, moderate, or heavy. Lifetime occupational sitting time was summarized as h/week/year by, multiplying the duration of each sedentary job (in years) 9 number of months per year 9 4.33 9 number of days per week 9 number of hours per day, adding together the values derived from all jobs held across the lifetime, dividing total time by 52, and then dividing by age at interview.
Statistical analysis
The association between occupational sitting time and likelihood of breast cancer was assessed by plotting ageadjusted incident cases per 2-h increments of occupational sitting. The distribution was clearly nonlinear, and usual transformations failed to approximate a normal distribution. Hence, lifetime occupational sitting was categorized into quartiles, according to the control distribution, and dose-response trends were not examined. The association between total lifetime occupational sitting and breast cancer was considered using unconditional logistic regression in Stata 10.1 (StataCorp, College Station, TX). Odds ratios were generated separately for pre-and post-menopausal women, and effect modification by family history of breast cancer, body mass index (BMI), and physical activity quartiles was also examined.
Results
Cases and controls had similar sociodemographic, reproductive, medical, and lifestyle factors [22] . Sixty-two percent of cases and 71 % of controls reported having at least one job classified as mainly sitting in their lifetime. The distribution of lifetime occupational sitting ranged between 0 and 36.7 h/week/year for cases and between 0 and 30.4 h/week/year for controls. There was no significant difference between mean lifetime occupational sitting for cases (4.2 h/week/year, SD = 6.2 h/week/year) and controls (4.5 h/week/year; SD = 6.2 h/week/year).
The first analysis examined the influence of lifetime total occupational sitting on the odds of developing breast cancer, separately for pre-and post-menopausal women (Table 1) . In fully adjusted models, there was no association between categories of occupational sitting and breast cancer in pre-menopausal women. Among post-menopausal women, however, quartiles 2-4 were associated with a statistically significant decrease in odds of breast cancer. When potential effect modification by family history of breast cancer was assessed, there was no significant association between occupational sitting and breast cancer among women who had a family history of the disease. However, among women with no family history, quartiles two and three demonstrated significantly lower odds. When the association was considered by BMI category, there were statistically significant lower odds demonstrated for quartiles two and four among obese (BMI C 30 kg/m 2 ) women. In the final series of models, statistically significant inverse associations between occupational sitting and breast cancer were found for quartile three for women who averaged less than 87.7 MET h/week/ year in physical activity; for quartiles two and four among women who averaged 114.7-146.0 MET h/week/year; and for quartile three among women doing more than 146.0 MET h/week/year.
Discussion
We isolated self-reported occupational sitting time from physical activity data collected by a case-control study conducted approximately 15 years ago and examined its association with odds of breast cancer. Analyses showed no association for some subgroups of the study population and, unexpectedly, statistically significant inverse associations for other groups.
It is possible that sedentary behavior simply does not make a significant, independent contribution towards breast cancer risk. Previous investigations into the association between sedentary behavior and breast cancer, including two large, prospective studies, have produced mostly null results [10, 11, 14] . However, two case-control studies found some evidence of an association [12, 13] . Although sedentary behavior has been associated with adiposity and metabolic dysfunction, little is known about its association with other hypothesized biological pathways to breast cancer, such as endogenous sex hormones [9] . If sedentary behavior does not affect circulating sex hormones, its influence on breast cancer etiology may be limited.
Another possible explanation for our findings is the very low exposure levels reported. These low levels may be due to misclassification, since respondents were asked to report detailed information about physical activity across their lifetime. In addition, study participants were in the workforce predominantly between 1960 and 1995, when levels of occupational sitting were likely much lower than today. It is possible that there is a threshold effect-a minimum amount of sedentary behavior necessary to induce deleterious health effects-that was not met by the women in this study. Neither leisure-time nor transportation-related sedentary behavior was assessed by this study; hence, we were unable to consider the effect of total sitting time. Finally, participants with poorer health status may have spent less time in the workforce and thus accumulated lower exposure to occupational sitting than participants who maintained good health throughout their lifetime.
Owen et al. [2] have suggested that revisiting earlier studies of physical activity and health outcomes and conducting further analyses using sitting time as a distinct exposure variable may contribute to the growing evidence on the role of sedentary behavior in chronic disease. However, as this study demonstrates, older studies may have recorded very low levels of occupational sitting by today's standards. Technological changes that have automated many workplace practices have been commonly cited as contributing to the obesity epidemic [24] . Jobs that This study did not find evidence of an association between occupational sitting and likelihood of breast cancer. However, we have recently demonstrated positive associations between accelerometer-assessed sedentary time and breast cancer biomarkers (BMI, waist circumference, C-reactive protein, insulin), independent of moderate to vigorous physical activity and other confounders [26] . Hence, there is a need for further research to clarify whether sedentary behavior affects breast cancer risk. a Adjusted for current age, educational level (quintiles), lifetime total physical activity (MET h/week/year) (except when stratifying by physical activity quartile), caloric intake, ever alcohol consumption, smoking status, waist-hip ratio (quartiles), menopausal status (except when stratifying by menopausal status), total number of mammograms, first-degree family history of breast cancer (except when stratifying by family history of breast cancer), ever use of hormone replacement therapy, number of children breastfed
